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[57] ABSTRACT 

The measuring system of the disclosure has two oscilla- 



tors of different frequencies. The oscillations of the high 
frequency oscillator are counted for a time correspond- 
ing to a portion, for example one-eighth, of the period 
of the low frequency oscillator. If the count is less or 
greater than a selected count, for example 4,096, the 
frequency of the low frequency oscillator is corrected 
by approximately one high frequency period in the 
one-eighth low frequency period. By this method the 
oscillators are brought into near-synchronism, so that 
there are counted exactly 4,096 high frequency oscilla- 
tions during the one-eighth period of the low frequency 
oscillator, but neither 4,097 or more, nor 4,095 or less. 
The correction is accomplished by excluding or includ- 
ing one at a time, various resistors in the frequency 
deterniining portion of the low-frequency circuit by the 
use of transmission gates in parallel with the resistors. 
The system may be used to measure, for example, 
weight. The capacity in the frequency determining 
portion of the high frequency oscillator is increased as a 
function of the weight The frequency of the high fre- 
quency oscillator is thereby reduced. Suitable circuits 
respond to count the changed oscillations relative to the 
unchanged calibration period of the low frequency 
oscillator to derive a measure of the weight 
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lmm . _ brought more nearly into synchronism by the one incre- 

m , ?^™J^J? FARATVS F0R ment. The process is continued until the portion of the 

° F of *° «* *> equal to oIL£*w£. 

OSCILLATORS, AND MEASURING THEREBY ti ple 0 f the period of the other oscillator within one 

BACKGROUND OF THE INVENTION 5 dement, preferably within one high frequency per- 

This invention relates to measuring or the like. In the 5£ *?ZTn SjT* *'? ° f ^s^ 0 *™- 

past it has been known to measuTvarious parameters ^l^^J^S to i™ a of the 

by measuring an oscillator frequency which is respon- P^^under test. When the parameter changes it 
sive to the parameter under test or to be measured. The 10 c T ae ** m of the oscillator. The 

change in frequency as a result of a change in the pa- , ged ^ frequency oscillations are now counted 
rameter could be measured or counted, and the value of ? e defmed bv ™ e oscillations of the oscillator of 

the change in the parameter could be deduced. One way ^hanged frequency, thereby obtaining a count which 

of making the measurement was to use a pair of oscilla- ,s mdlcative of change in the parameter under test, 
tors. One oscillator is usually a "reference" or standard; 15 More s P ec j ficali y *e illustrative embodiment, a 

Le., a crystal controlled precision oscillator. The oscilla- w^cta* multiple of the high frequency oscillations and 

tors were synchronized by known techniques so as to a se * ectec j portion of the low frequency oscillations are 

stabilize one oscillator relative to the other by develop- brought into near synchronism by changing the fre- 

ing an analog voltage representing the required correc- quency of the low frequency oscillator a single incre- 
tion, and applying it to one of the oscillators, usually the 20 ment (substantially equal to the period of a high period 

non-standard, which would be responsive to such a oscillation) at a time. Then the high frequency oscillator 

voltage in order to bring the two oscillators into syn- frequency is changed by varying the parameter under 

chronism. Accordingly the one oscillator would be test » for example, the weight applied to a capacitor in 

stabilized relative to the other. Consequently when, the frequency determining circuit of the low frequency 
after synchronization, the oscillators were dissociated, 25 oscillator. The capacitor may be the capacity between a 

there was a change in the frequency of one of those pair of plates arranged to remain parallel by a suitable 

oscillators caused by a change in the parameter to be mechanical linkage, and separated by a resilient means, 

measured, the difference in frequency between the two such as a sponge rubber pad. A weight upon the top 

oscillators could be measured or counted, by measuring plate closes it toward the bottom plate thereby increas- 

the frequency of one against the other, to give the 30 ing the capacity in the frequency detennining circuit of 

change in the parameter under test. Various other de- the high frequency oscillator. Typically the change in 

vices are known for synchronizing two such oscillators frequency of the high frequency oscillations is substan- 

orstabu^ganosc^ tial, for example one or more orders of magnitude. 

mg the change in the frequency caused by a change in Therefore it is readily possible for the circuite to re- 

the parameter under test. There are known various 35 spend to such change by providing a measurement 

hv lZf°L™Tl^ g fr TT Cy ' SUCh ^f re P resented cycle, during which the oscillators are temporarily 

^^f" 00 ^ 0 ^' °? cll,at018 ' ****** reactances dissociated during the weighing. By counting the 

?n!£^ * * ^ " *» of nfflequL^^^ 

US Pat No* 1 7*1 inn tn Fatw,r q*„# « io7i „n dimD B the selected portion of the low frequency oscilla- 

3,888,473 to Heyck, May 27, 1975; U.S. Pat 3,967,690 *fJT^ i P a P Pkte may * d f duccd Md 
to Northcutt, July 6, 1976; U.S. Pat 3,893,040 o & JJ S^J^^ V 1?™*™ ^ * " 
July 1, 1975; U.S. Pat 3,488,605 to Schwartz, JaH For examp * e tf a m one of fre " 

1970; and U.S. Pat 3,370,252 to Zoerner, Feb. 20, 1968. 45 q I? enCy ? etemumn S ***** 18 a tbermistor, then 
Also of interest are the following patents: U.S. Pat Nos. chan I ges m tem P era ^e may be quantitatively mea- 
3,227,952 to Proebster et al, Jan. 4, 1966; U.S. Pat. Sured; P ressure or other parameters may also be mea- 
3,370,252 to Zoerner, Feb. 20, 1968; U.S. Pat. 3,392,348 Sured ' 

to Horwitz, July 9, 1968; U.S. Pat 3,484,712 to Foote et DESCRIPTION OF THE DRAWINGS 

al,Dec.26, 1969; and US. Pat. 3,875,525 to Ballinger et 50 * ^ ^^"^ ™ irixi UKA WINGS 
al, April 1, 1975; and also German Pat No. 2,333,196 to . . ob Jects, advantages, and novel features of the 
Ise Electronics Corporation of Japan laid open on Jan. javention will be more fully apparent from the follow- 
24, 1974, which shows a digital bathroom scale which mg detailed description when read with reference to the 
may be of some interest here because the present appli- accompanying drawings in which: 
cation illustrates the invention herein as related to a 55 * a block diagram of an embodiment of the 

weighing device. invention; 

SUMMARY OF THF TMVFNTTmsi , FIG. 2 is a logic diagram schematically illustrating a 

bUMMARY OF THE INVENTION i ow frequency section of the block diagram of FIG. 1; 

According to the present invention a pair of oscilla- 3 is a logic diagram schematically illustrating a 

tors are employed one being brought into near synchro- 60 high frequency section of the. block diagram of FIG. 1; 
nism with the other by counting pulses from the one FIG. 4 is a logic diagram schematically illustrating 
oscillator for a selected multiple (which may be more or certain correction circuitry of the block diagram of 
less than unity) of the period of the other oscillator. In FIG. 1; and 

accordance with whether this count is high or low, one FIGS. 5, 6, and 7 are timing diagrams useful in ex- 
of these oscillators is corrected by a single selected 65 plaining the operation of the circuitry, 
increment, preferably equal or approximately equal to 

one period of the higher frequency of the oscillators, DETAILED DESCRIPTION 

Accordingly on the next count the oscillators are 
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capacitor CI and a resistor R5 to the input of another 

Block Diagram - FIG. 1 inverter amplifier 32. Each of the inverter amplifiers 

Referring now to FIG. 1, a low frequency section 10 described herein are an RCA type 4049. The Output of 

includes a low frequency oscillator 12. A high fre- inverter amplifier 32 is connected to the input of in- 

quency section 16 includes a high frequency oscillator 5 verier amplifier 30. The output of inverter amplifier 32 

18. Part of the frequency-determining circuit of the high is also connected through series connected resistors R6, 

frequency oscillator 18 is a variable capacitor C2. The Rl, R2 t R3, and R4 to the junction between capacitors 

high frequency section 16 may include counters and a CI and resistor R5. CI has a value of 5600 micromicro- 

display. Correction circuitry section 20 is connected to farads. The value of R5 is 100 kilohms, the value of R6 
receive information from the low frequency section 10 10 is 220 kilohms, and the value of each of resistors Rl 

and the high frequency sections 16 and return correc- through R4 is 1000 ohms. Each of the resistors Rl 

tion signals to the low frequency oscillator 12. through R4 are paralleled respectively by transmission 

In operation the low frequency oscillator 12 and the gates TGI, TG2, TG3, and TG4. The transmission 

high frequency oscillator 18 are free running oscillators. gates are each one-forth of an RCA type 4016. The 

A certain portion of the period of the low frequency 15 circuitry thus far described in FIG. 2 constitutes a low 

oscillator is selected so that it is approximately equal to frequency oscillator 34 the frequency of which is deter- 

a selected number of the oscillations of the high fre- mined in large part by the capacitor CI and the resistors 

quency oscillator 18. If the number of high frequency Rl through R4 and R6. 

oscillations is less or more than the selected number on The output of the low frequency oscillator 34 at the 
comparison in the correction circuitry section 20 the 20 output of the inverter amplifier 30 is connected to an- 
deficiency or excess is sensed and the low frequency other inverter amplifier 36. The output of inverter am- 
oscillator receives a signal from the correction circuitry plifier 36, designated L for the low frequency oscilla- 
section 20 causing an incremental change in the period tion signal, is applied to a seven-stage counter 38 which 
of the low frequency oscillator. The change in period is is an RCA type CD 4024, the last stage not being used, 
such that the change in the count of the high frequency 25 The fourth, fifth and sixth stages of the binary counter 
oscillations during the selected portion of the low fre- 38 have their "one" outputs applied to a three-input 
quency oscillator period is approximately equal to one nand gate 40. All of the three-input nand gates are one- 
high frequency oscillation period. Accordingly on the third of an RCA type CD4023. The output of the three- 
next comparison count of the selected number of high input nand gate 40 designated not-CL (CL) is applied to 
frequency oscillation periods with the selected portion 30 the input of an inverter amplifier 42 the output of which 
of the low frequency oscillator period, the deficiency or is designated CL and applied to the C or clock input of 
excess is corrected by one increment, in this case ap- a so-called master slave flip-flop 44. All the flip-flops 
proximately equal to one high frequency period and in herein are each one-half of an RCA type CD4013. The 
the direction either lengthening or shortening, to bring not-Q (Q) output signal, designated not-QC (QC) is 
the two oscillators into near synchronism. The method 35 applied to the D or data input of the flip-flop 44. The Q 
is repeated until the selected number of high frequency output signal of the flip-flop 44 is designated QC. 
oscillation periods is equal to the selected portion of the In partial description of the operation, the oscillator 
low frequency oscillator period within the selected 34 provides output oscillations L which are counted in 
increment. It is equally possible to make corrections in the counter 38. In conformance with common engineer- 
the high frequency oscillation periods to the same pur- 40 ing parlance in describing the operation of binary logic 
pose. Nevertheless because it is easier to correct the circuits, we will term the higher of the two arbitrary 
period of the low frequency oscillator for a small por- voltages as the high or enabling voltage corresponding 
tion of time, I prefer to correct the period of the low to binary one, and the lower as the low or non-enabling 
frequency oscillator. The manner in which the circuits voltage corresponding to binary zero. Assuming that 
operate will be more fully apparent from the detailed 45 the counter 38 initially would have all its "one" outputs 
description which follows. zero or in the low state, the initial signal not-CL would 

There are other interconnections betweeen the low be high and the signal CL would initially be low. On the 

frequency section 10, the high frequency section 16, and fifty-sixth count when the forth, fifth and sixth outputs 

the correction circuitry section 20 which are not com- of counter 38 all become high, not-CL becomes low and 

pletely shown in FIG. 1 as not necessary at this point 50 CL or the clock pulse becomes high or enabling. The 

for the introductory explanation: signal CL thereupon remains high or enabling from the 

In the embodiment described, the circuits are shown fifty-sixth through the sixty-third count inclusive, that is 
as logic elements. The details of these may be obtained for eight counts. Thereupon not-CL goes high again 
from a manufacturer's or text book disclosure. In order and CL goes low. Thus the signal CL is high for eight 
to disclose a specific embodiment particular logic cir- 55 counts out of sixty-four or one-eighth of the period of 
cuits are indicated. The arrangement lends itself partic- the low frequency oscillator thirty-four. The positive 
ularly well to so called CMOS or COSMOS (comple- signal when CL is high may be termed the clock pulse, 
mentary symmetry metal oxide semiconductor) cir- When CL goes high its application to the clock termi- 
cuitry, and if desired may be reduced to a single inte- nal C of flip-flop 44 causes the low signal not-QC ap- 
grated circuit chip except for the variable capacitor 60 plied to its data input D to be transferred to the Q out- 
used as a weighing device. Power supplies and ground put, causing QC to go high, and not-QC to go low. QC 
are not illustrated, such details being readily supplied by now remains high until the next clock pulse begins, at 
those skilled in the art which time QC becomes low. Therefore QC is high for 

Low Frequency Section 10 - FIG. 2 « f 4 lo f W frecmenc y **** U and low each following 64 

^ 7 65 low frequency pulses L, beginning each high and low 

Referring now to FIG. 2, the low frequency section state each time that clock pulse CL commences its high 
10 comprises an inverter amplifier 30 which has its state, i.e., at the beginning of each clock pulse. The 
output connected through the series combination of a period where QC is high may be termed a calibration 
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cycle or period, and the period when QC is low may be The output of the four-input nand gate 72 is applied 
termed a read cycle. As we shall see, correction can . to a decimal counter 74 the output of which in turn may 
take place only during a calibration cycle. be applied to a decoder 76, the output of which is ap- 

As we shall see hereinafter, any one or more of the plied to a suitable seven-segment display device 78. As 
resistors Rl through R4 may be short-circuited by the 5 part of the high frequency section I include an auto- 
transmission gates TGI through TQ4. The resistors are matic display on-off switch device 85 comprising a 
preferably so chosen, as in this case, that as each is flip-flop 80 and a two-input nor circuit 82. Each two- 
substantially short-circuited by its associated transmis- input nor circuit is one-fourth of an RCA type CD 4001. 
sion gate, the one-eighth period of the low frequency The signals not-CL and non-A (A), the latter to be 
oscillator 34 is changed by approximately one period of 10 described hereinafter, are applied to the reset terminal 
the high frequency oscillator 18 of FIG. 1. The number R of the flip-flop 80. The clock input C of the flip-flop 
of resistors may be greater if desired. Four of these 80 receives the output from the second decimal digit 
resistors are shown as illustrative. Because of variations output of the decimal display counter 74. The data input 
in resistive tolerances or for other reasons, the change in terminal D of the flip-flop 80 receives a constant posi- 
low frequency may cause more or less than a change of 15 ^ve v °ltage relative to circuit ground designated + V, 
a single high frequency pulse in a one-eighth period of which corresponds to a high or enabling voltage. The Q 
the low frequency oscillator, when switched in or out output from the flip-flop 80 is used to activate a switch 
It is apparent, nevertheless, that the oscillators are main- which will trigger on the display 78 and decoder 76. 
tairiedin near-synchronism. The preparation for correc- Th e automatic display device is reset and turns the 
tion at count 4,080 of the high frequency oscillator is 20 dis Play device off when the clock signal CL is low and 
sufficiently early to allow for such variations. the signal A is high. 

Now the signal A high indicates that the count of the 
High Frequency Section 16 — FIG. 3 high frequency oscillator pulses in counter 64 is at 

An inverter amplifier SO has its output connected 4 * 080, Such 8 count 03,1 occur o^y there has been no 
through a series connected variable capacitor C2(quies- 25 sub8 ? Mltial change in variable capacitor C2 from its 
cent or initial value about 68 micromicrofarads) and noinin al value and enables the correction circuit to 
resistor R9 (100 kilohms) to one input of a two-input 1*°*? , \ a correction mav made and that no weigh- 
nand gate 56. The capacitor C2 may be formed of two mg ? takmg place - If by 801,16 ""^chance capacitor C2 
plates 57 maintained parallel by a suitable mechanical ,„ a . c P aa S « as someone is stepping on the scale in the 
linkage (not shown) and separated by a resilient means 30 • of 8 0011,11 at . or ^ *• 00,1111 of 4 > 080 > a single 
such as sponge rubber 59 or insulated helical coil com- m cf<^cnt correction only might occur before the 
pression spring. When a weight W is applied to the top W £T B taken " mtro . ducm 8 ■■«»* 00 greater than 
plate the capacity isincreased approximately in proper- ^w™ 6 "? ^ P? 0 ^ frequency of the 
tion to the change in the distant of separation of4e „ Xa^xZL^^ ^ ^ ^ " 

plates. This and the other two-input nand gates are each 35 °^°Ju T^J^T^^J^ 5T* 
one-fourth of an RCA type CD 4011. The output of the ^S^S^T f . V ^ 1° P T*. 
nand gate 56 is connected to the input of inverter ampli- ^Z^LM^^' ^ hwe . mafter < 
fier 50. The output of nand gate 56 is also connected ™ ^ ^ P !?"" D ° COIK ° bo * 0811 

through resistor R8 (10 kilohms) to the junction be- M ^^yZ^J^^^ S e remote 
tween ^^Lc? and ^ Lstor R^The other « E^£S2S£L "* °" 

££Sr^t no ?-QA (Q5) to be described 45 m oscillator circuit „ ^ fc « J. 

^tP«t of "nverter amphfier 60, desig- off by ^ ou ^ ut from the ^ sg^^Z 
natedas not-H (H)ma y be inverted man inverter amph- output of ^ ^ ^ k ^ ^ ^ J» 

£h IS pr ™ de ™ out P ut •W" 1 tested H for feedback via rector R9 andwill oscillate with a~riod 
high frequency) and may also be apphed to a twelve- of oscillatioil deten nined in large part by theVaK 

V t C ° f V"* "* 50 "P"* 0 ' C2 and resistor R8. The output offce Ster 

uidicated by Bl, B2, etc. through B12. The twelve-stage go which corresponds to the high freqiencySations 
bmarycounter 64 mayconsm of two six-stage binary. Hare inverted to the mverte^pMer 60 to pS 
counters, each usmg for example only six stages of a signal no t.H, which are again inverted in inverter 62 to 
seven-stage i RCA type CD 4024, so arranged that the provide signals H which are isolated from the^scillator 
overflow of one su,stage counter 66 acts as a trigger to 55 84 and will not effect its period of oscillation. As is 
enter a count m the succeeding one 68 also using only apparent the signals not-H «e actually counted as the 
six states of seven-stage RCA tyep CO 4024. The reset high frequency signals. The twelVe-stage binary 
terminals of the two six-stage counters 66 and 68 are counter 64 is reset at certain times to be described more 
connected to receive the output of a two-input nor folly hereinafter from the nor circuit 70. As will be 
circuit 70. Each two-input nor circuit herein is one- 60 more fully apparent hereinafter, when the oeriod of 
fourth of an RCA type CD 4001. The inputs to the oscillation of the V^bm^v^StaS^i t 
two-input nor circuit 70 are respectively the clock sig- changed substantially, as by a change in the value of 
nal CL and a signal QA to be described hereinafter. The capacitor C2 in the manner hereinbefore described, the 
signali aot-H, the signals CL (from FIG. 2) the signal nand gate 72 willpermit the signals not-H to be counted 
not-QC (from FIG. 2), and the, signal QA are apphed 65 during a read cycle (not-QChigh)in the display counter 
respectively to the four inputs of a four-input nand gate 74. In other words, the high frequency oscfllations will 
72. Each four-input nand gate is one-half of an RCA be counted in the display counter 74 whereupon a suit- 
type CD 4012. able count indicative of the change in the frequency of 
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the oscillator 84 compared to the stabilized frequency of 126 are designated Ql, Q2, Q3, being the respective Q 
oscillator 34 may be made to appear in the display 78. outputs of the flip-flops 120, 122, and 124.. Thus the 
The switch 85 is a device for saving power as it is con- flip-flops 120, 122, 124, and 126 are connected in shift 
templated that the arrangement may be used for a bat- register fashion. The Q outputs Ql, Q2, Q3, and Q4 
tery-powered personal weighing scale. 5 from the respective flip-flops 120, 122, 124, and 126 are, 

as heretofore described, the signal inputs to the trans- 
Correction Circuitry - FIG. 4 mission gates TGI, TG2, TG3, and TG4 of the low 

Referring to FIG. 4, the outputs from the twelve- frequency section of FIG. 2. 
stage binary counters 64 are applied to three, four-input Still referring to FIG. 4, the outputs B9 and B10 from 
nand gates 86, 88, and 90, the outputs Bl through B4 10 the twelve-stage binary counter 64 of FIG. 3 are two 
being applied to the respective inputs of nand gate 86, inputs respectively for a three-input nand gate 128, the 
the outputs B5 through B8 being applied to the respec- other input of which is not B-ll (Bll) from the same 
tive inputs of nand gate 88 and the four outputs B9 counter, which may be developed from the eleventh 
through B12 being applied respectively to the four in- binary output of the twelve-stage binary counter 64 
puts of nand gate 90. The three outputs of the nand IS passing the signal Bll through an inverter amplifier, or 
gates 86, 88, and 90 are applied respectively to the three by taking the output from the "zero" terminal of the 
inputs of a three-input nor circuit 92. Each three input eleventh stage of the twelve-stage binary counter 64. 
nor circuit herein is one-third of RCA type CD 4025. The output of the nand circuit 128 (FIG. 4) is applied as 
The outputs Bl through B4 are also applied respec- one input to a three-input nor circuit 130; the other 
tively to the four inputs of a four-input nor circuit 94. 20 inputs to nor circuit 130 are the signal not-CL, and the 
Each of the four-input nor circuits herein is one-half of output B12 of the twelve-stage binary counter 64 of 
an RCA type CD 4012. The output of nor circuit 94 is FIG. 3. The output of nor circuit 130 (FIG. 4) is applied 
applied to the input of an inverter amplifier 96, the to the clock terminal of a flip-flop 132. The data input 
output of which is applied to one input of a three-input terminal of flip-flop 132 is connected to the high voltage 
nor circuit 98. The outputs from nand gate 88 and 90 are 25 +V. A two-input nand gate 134 receives the clock 
applied respectively to the two remaining inputs of nor signal CL and the signal A respectively at its two in- 
circuit 98. The signal at the output of nor circuit 98 is puts. Its output is applied to one input of a two-input 
designated A and when high indicates a count of 4,080 nand gate 136, the other input of which is the signal 
in the binary counter 64. The signal A is applied to the not-U. The output of nand gate 136 is applied to the 
input of an inverter amplifier 100, the output of which is 30 reset terminal of flip-flop 132. The Q output of the flip- 
designated not-A (X). The output of nor circuit 92 is flop 132 is designated QA and the not-Q output of the 
designated U and when high indicates that the twelve- flip-flop 132 is designated not-QA (QA). 
stage binary counter 64 of FIG. 3 contains the full count Consideration of the logic associated with nand cir- 
of 4,096. The signal U is applied to an inverter amplifier cuits 86, 88, and 90 and nor circuit 92 shows that the 
102, the output of which is designated not-U (0). The 35 signal U will indicate that the twelve-stage binary 
signal not-U and the signal not-H are applied to the two counter 64 of FIG. 3 is full, that is that all of the "one" 
inputs of a two-input nor circuit 104 the output of which terminals are high, indicating a count of 4,096 from ah 
is applied to the clock input of a flip-flop 106. The input initial stage in which all of the "one" terminals are zero, 
to the data terminal 106 is the plus or high drain voltage The not-U signal indicates that the twelve-stage binary 
+V. The reset terminal of flip-flop 106 receives the 40 counter 64 is in some other condition. The concurrence 
signal not-CL. The Q output of the flip-flop 106 is a of a high U (low not-U) and high H (low not-H) signals, 
signal designated QF and the not-Q output of flip-flop therefore, causes the output QF of flip-flop 106 to be 
106 is designated not-QF (QF). QF high indicates that a high and the not-QF output to be low when the twelve- 
full count of 4,096 occurs in the binary counter 64 dur- stage binary counter 64 registers a full count, the high 
ing the current clock pulse. 45 frequency oscillator is running, and the current clock 

A three-input nor circuit 108 receives at its respective pulse is not concluded. The flip-flop 106 is reset and the 
inputs the signal not-QF, the signal H, and the signal signal QF goes low when not-CL goes high, that is, at 
not-QC. A three-input nor circuit 110 receives at its the termination of the clock pulse, 
respective three inputs the signal not-QC, the signal Considering the logic of the nand circuits 88 and 90 
not-CL, and the signal not-A. A flip-flop 112 receives at 50 and the nor circuit 94, the inverter 96 and the nor circuit 
its clock input the output of nor circuit 108 and a flip- 98, it will be apparent that the signal A goes high when- 
flop 114 receives at its clock mput terminal the output of ever the twelve-stage binary counter 64 contains a 
nor circuit 110. The data input of both of these flip-flops count 16 less than full (4,080) starting from an initial 
112 and 114 is connected to the high voltage + V. The count of zero and is otherwise low. The signal not-A 
reset terminal R of flip-flop 112 is connected to receive 55 therefore represents any different state of the twelve- 
the output of a nor circuit 130 to be described. The reset stage binary counter 64, namely any count between 
terminal R of flip-flop 114 is connected to receive the zero and 4,096 except for 4,080. 
signal U. The Q output of the flip-flops 112 and 114 are Observing the nand gate 128 and the nor circuit 130, 
designated QM and QN respectively. it is apparent that the flip-flop 132 will receive a positive 

The signals QM and QN serve as respective inputs for 60 enabling voltage at its clock terminal C when the 
the two input nor circuit 116. The output of nor circuit twelve-stage binary counter reaches a count of 768, 
116 is connected to one input of the two input nor cir- which is relatively early in the cycle compared to the 
cuit 118, the other input terminal of which receives the full signal U or the A signal representing that the count 
clock signal CL. The output of the nor circuit 118 is the has reached 4,080. At this point in the cycle of the 
correction signal k and is applied to the clock input 65 twelve-stage binary counter if the clock signal CL is 
terminal C of each of four flip-flops 120, 122, 124, and high, then the signal Q A indicates that the 768th pulse 
126. The data input to flip-flop 120 is die signal QM. has been reached; the signal QA then remains high only 
The data inputs to the respective flip-flops 122, 124, and until the flip-flop 132 is reset by the A signal at the 
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count of 4,080 with clock signal CL high. A low not-U period, and particularly the selected cahbration cycle 

(high full signal U) will also reset flip-flop 132. The when CL is high. . j 

signal U will occur, as will appear hereinafter, at the An examination of the circuits indicates that there are 

conclusion of each weighing cycle. As shall be ob- circumstances when>i '.correction is desired, but none 

served hereinafter, a high signal QA pertains when the 5 occurs when correction .signal A: goes positive. JF^Sr 

high frequency capacitor C2 has increased substantially example assume flip-flops 120, 122, and 124 to be in their 

in capacity thereby reducing the frequency and increas- "zero" states in which all have low Q outputs and flip? 

ing the period of the high frequency oscillator 84 by a flop 126 is in its high state and has a high Q output If 

substantial amount The high signal QA may then be an QM is high the next time correction clock signal k is 

indication that a measurement should be taken, the 1° positive going, Ql goes high, 6ut\tlw'low a .!0n^i^^ 

count 768 being less than 4,096 by a deficiency (or flip-flop 124 is transferred -tlrou^l^'da^injjiu'of 

amount) greater than could be reasonably expected flip-flop 126 to the output , Aocor(lingly'^sd^u^ , 

with no measurement being taken and C2 remaining the resistor Rl has now been removed from the circuit, 

near its nominal value under any expected ambient the resistor R4 has been added and there has been no 

condition. 15 incremental change in the frequency of the low fre- 

Considering the nor circuit 108 and the flip-flop 112, quency oscillator 34. On the other hand on the next 

we see that the latter is reset early (at a count of 768 in cycle the resistance between R6 arid the junction of CI 

counter 64) in each cycle that clock signal CL goes and R5 will be reduced and the low frequency period 

high, at the same time that QA goes high. Then QM is reduced an incremental amount as desired. l> ; 

clocked to a high state if QF is high, signal H is low, and 20 oppp atiom 

signal QC is high (during a calibrate cycle). urcKAiiuw 

Considering nor circuit 110 and flip-flop 114* we see Case I — Low Frequency Period Too Long (FIG. 5) 

that the latter is reset by the high full signal U. The Overall operation should now be apparent from what 

flip-flop 114 is clocked by a high signal from nor circuit ■ has been described heretofore. In this example the fre- 

110 when CL is high, A is high (at the count of 4,080) que ncy of the low frequency oscillator 34 was designed 

and QC is high (during a calibrate cycle). to be approximately 100 Hertz. CL is high forabout80 

Thus comparing the states of flip-flops 112 and 114, millisec. by the action of counter 38 and gate 40. The 

after the A signal during a calibrate cycle, until a full high frequency oscillator 84 was designed to operate at 

count signal U is high, signal QN is high and signal QM 3Q 51 KHZ. The period for a single complete high fre- V 

low. After the full count, QM is low and QN is also low, quency oscillation H is approximately 19.6 microsec; 

until - the following high frequency pulse. Hence if the The 4,096 pulses of H (or of not-H) then take apprdxi-: 

full count of 4,096 high frequency pulses occurs within mately 80 millisec. Obviously if desired a greater num- 

one high frequency pulse period after the end of the low ber of resistors Rl, R2, R3, and R4 may be employed in 

frequency calibration cycle, both signals QN and QM 35 the circuit to permit a greater initial disparity in the 

are low, and the output from nor circuit i!6 is high, that 4,096 high frequency pulses and the approximately .80 

from nor circuit 118 is low, and the correction signal k millisec. of the low frequency period, 

remains low. No correction then takes place. Let us suppose that the low frequency period is a '.: 

Accordingly if the flip-flop 120 is in a state in which little long. Suppose the cldck pulse CL (FIG. 2) goes 

its output Ql is low and its input QM is high, then when 40 high initiating a calibration cycle, i.e., at a time when 

the correction signal k of nor circuit 118 goes high, the signal QC goes high. The units on the diagrams do not 

high value of QM is transferred to the Q output, Ql, of indicate absolute voltage values. At the same time the 

flip-flop 120. When Ql goes high the transmission gate signal not-CL will go low, as shown in FIQ. 5. The 

TGI of FIG. 2 shortcircuits the resistor Rl thereby nand gate 58 of FIG. 3 output is then high.; We may 

decreasing the period of the low frequency oscillator 45 assume QA is low also. The high frequency; counter 64 

34. If the 4,096th pulse in the high frequency binary had been reset when CL was last low and QA also low. 

decimal counter 64 still occurs before the clock pulse The high frequency oscillator 84 of FIG. 3 is now gated ■ 

next goes low on the next cycle (recalling that QM goes on and the counting of the high frequency oscillations in 

high only on alternate cycles of clock signal CL) then the twelve-stage binary counter 64 begins. At count 768 

the next time the output signal from nor circuit 118 goes 50 flip-flop 112 is reset and QM is low. Assume now that 

high the high value of Ql is transferred into the flip-flop the count exceeds 4,080, that is 16 counts before the 

122 and the output Q2 goes high. The flip-flops 124 and binary counter 64 is full. Under these circumstances a 

126 remain low because the outputs Q2 and Q3 applied signal A (FIG. 4) occurs at the count 4,080 as shown in 

to the data terminals of flip-flops 124 and 126 respec- FIG. 5. It lasts only for one high frequency period, 

tively were at that time in a low state. Accordingly if 55 With clock signal CL and calibration signal QC both 

there are at least 4,080 high frequency pulses within the high, flip-flop 114 is clocked and QN goes high (see 

calibration pulse period CL high, but more than 4,096, FIGS. 4 and 5). Soon after, the high frequency binary 

the resistors Rl, R2, R3, and R4 will be short-circuited counter 64 (FIG. 3) becomes full because the low fre- 

one at a time causing the selected pulse period CL to, quency period is too long compared to the high fre- 

decrease each time bringing the two oscillators nearer $0 quency period. The pulse U generated at the output of 

into synchronism. nor. circuit 92 of FIG. 4 for a high frequency period 

Similarly, if after the 4,080th high frequency pulse is then .causes signal QF from flip-flop 106 (FIG. 4) to go 

counted in the twelve stage binary counter 64 and then high,, and resets flip-flop 114 to cause QN to go low. 
a 4,096th pulse is counted giving a U signal, QM will be .The next high frequency . pulse not-H gated by hi£h 

low and cause Ql to go low and the transmission gate 65 signal QF at nor circuit 108 sets flip-flop 112 (FIG. 4) 

TGI is open-circuited causing Rl to be added into the causing QM to go high. With signal QN low, when QM 

resistance of the frequency deterrmning part of the low goes high, and as CL goes low correction signal k 

frequency oscillator increasing by one increment its clocks the high value of QM into the Q output of flip- 
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flop 120 thereby enabling the gate TGI of FIG. 2. The The situation which prevails when the count of 4,096 

resistor Rl is now effectively short-circuited and the is reached within one high frequency pulse period be- 

period of the low frequency oscillator 34 is reduced. fore the end of the selected portion of the low fre- 

Preferably this period is reduced by such an amount quency period is illustrated in FIG. 7. The pulse A from 

that the selected portion (one eighth) of the low fire- 5 n0 r circuit 90 of FIG. 4 occurs 16 high frequency peri- 

quency period is shortened by a time approximately ods before the termination of the signal CL high. The 

equal to a high frequency oscillation, that is approxi- signal u goes high at approximately the time or just 

mately 19.6 microsecs. The low frequency period is preceding the time when the signal CL goes low, within 
reduced by about 160 microsecs. The continuation of one increment As before the signal QM goes low and 

this process thus reduces the frequency of the low fre- 10 the signal QN goes high substantially coincidentally 

qu^y oscmator by increments approxnnatdy equal to with the signal A going high. High signal A with signal 

a period of the high ^frequency osciEator m the selected CL ^ ^ ^ reset mwiop mmalcing QA low. 

portion of the low frequency period. The sijpal QF goes high with the signal U and contin- 

Case II — Low Frequency Period Short (FIG. 6) ]s ues high until the conclusion of the high signal CL. 

If the selected portion corresponding to the time the ^ g TnST, ^ ^ f^f U * W J1 ^ 
clock signal CL ishigh is too diort for the high fre- "S*** QN and QM low, signal * . low, and the fre- 
quency^ not-rTto fill the tweWage binary f * e * ow ™1 
counter 64 of FIG. 3, then recall that signal A (see also bv ^ of ^°St^L^' ™L 
FIG. 6) from the nor circuit 98 of the correction cir- 20 H 6 a™ tnmsimsMon gates TGI, TG2, TG3, and TG4. 
cuitry of FIG. 4 goes high at the 4,080th high frequency m P" flo P 8 md transmission gates remain m what- 
pulse. Recall that flip-flop 112 had been reset at count ever 8tate ^ were - 

768 in the binary counter 64. With calibration signal QC jy Measurement 

and clock signal CL high, when signal A goes high, 

flip-flop 114 is clocked and signal QN goes high. Con- 25 We may assume, because of the operation thus far 
sideling the nor circuits 116 and 118 of FIG. 4 with QM described, that the two oscillators are in near synchro- 
low and QN high, as CL goes low, the correction signal nism just before a weight is applied. Let us now examine 
k going positive is applied to and clocks the flip-flops the action of the circuit when a weight is applied and 
120, 122, 124, and 126. The correction signal k being the capacitor 52 is increased substantially. The high 
applied to the circuit 120 enters the now low value of 30 frequency period is increased to such an extent that the 
QM, corresponding to a logic zero into the flip-flop 120 signal A is not reached before the end of the selected 
and Ql now goes low. As a result the transmission gate portion of the low frequency period with clock signal 
TGI of FIG. 2 is made inactive and the resistor Rl is CL high. Instead at the count of 768 (see the nand gate 
inserted into circuit in the low frequency oscillator 34. 128 and the nor circuit 130 and their inputs of FIG. 4) 
Accordingly the frequency of the low frequency oscil- 35 the flip-flop 132 receives a signal at its clock terminal at 
lator 34 is now increased; its period is increased by one count 768 of the binary counter and the constantly 
increment calculated to be approximately equal in one applied plus voltage (equal to the drain voltage) at the 
calibration period to one period of the high frequency digit terminal is transferred to the Q output, so that the 
oscillator 84. The values Ql, Q2, and Q3 are respec- signal qa becomes high. With the signal QA high, the 
tively stepped to be Q2, Q3, and Q4. 40 signal not-QA is low. As a result the nand gate 58 (FIG. 

It may happen, for example that before this correc- 3) does not gate off the high frequency oscillator 84 at 

tion is made, we have a condition with Q3 high and Q4 foe termination of the clock signal CL, that is when CL 

low. Then the change in state of flip-flop 120 is compen- goes i ow and no t-CL goes high as is otherwise the case, 

sated for by the change in state of flip-flop 126. Under instead the high frequency oscillator 84 continues to 

this circumstance the total resistance in the chain of 45 ^ At ^ m ^ ^ QA ^ ^ nor circuit 70 

resistors Rl through R4is not altered ; Nevertheless rt is (fjq. 3) reset ^ ^ freqU ency twelve-stage 

apparent that on a succeeding cycle the change m fre- binar ^ because signal Q A is high. With 

ISS^^ commence to not . QC ^ ^ fc duriQ ^ one ^ *tenJe cycles, 

occur an increment at a time. ^ read ^ of ^ dock sigQa] CL dudng whkh 

Case m — Oscillators in Near Synchronism (FIG. 7) calibration cannot take place, and signal QA high, and 

It will now be apparent that when the number of *gh frequency pulses as signals 

pulses is greater th£ 4,096 within the selected period **? « through the nand circuit 72 to the 

and the period of low frequency oscillator 34 is too counter 74 ' wluch 00111148 **» startm S wtn 

long, that it will be decreased by an increment. Con- 55 clock si 8 nal CL 8 oin « low - ^ 0011111 continues until 

versely when the period of the low frequency oscillator m si « nal u flip-flop 114 of FIG. 4 

34 is too short and the 4,096th pulse is not reached * reset md Q N go* 58 ,ow - ^ om P ut of n2ind g ate 136 

within the selected period of the low frequency oscilla- (FIG. 4) goes high to reset the flip-flop 132 whereupon 

tor, the period of the low frequency oscillator will be Q A goes low and not-QA goes high. As soon as Q A 

increased by an increment Therefore eventually the 60 goes low the nand circuit 72 terminates the count in the 

two oscillators are brought into near synchronism to a display counter 74. Assume that the period of the low 

condition in which the 4,096th high frequency pulse frequency oscillator does not change significantly in the 

occurs within the last high frequency cycle of the se- time required to take a measurement Let the clock 

lected portion of the low frequency oscillator period. period when CL is high be T, the old frequency of the 

Because the oscillators are free running, eventually the 65 high frequency oscillator be/ 0 and the new frequency of 

low frequency period will become too long or too the high frequency oscillator /^'then the count N in the 

short When this happens, the oscillators are again display counter, when U goes high, is 4096 — (f m X T). 

brought into near synchronism an increment at a time. Also we have assumed / 9 XT = 4,096. Consequently 
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Hence the new frequency may be deduced in terms of 
the old frequency and the count in the display counter. 
Observe that soon after the display counter 74 starts to 
count, the flip-flop 80 (FIG. 3) generates an output 
signal from its Q terminal which switches the display 10 
on. This switching action of flip-flop 80 is to save on the 
power required for the display. The output from the 
display counter 74 is decoded in a decoder 76 and dis- 
played for example in a seven-segment display 78. De- 
scription of the details of the decoder 76 and display IS 
device 78 are not necessary for an understanding of the 
invention. A display will be excited each time weighing 
takes place and during and only during each read cycle. 
Moreover although the display may read varying num- 
bers as the weight is being applied or increased, it will 20 
eventually stabilize when the weight stabilizes at least in 
the more significant digits, repetitively displaying a like 
value for visual observation. 

If the plate separation of the weighing capacitor was 
initially a separation of DO with its own initial weight 25 
WO and a lesser separation DI with an additional 
weight applied, then DI-DO we may assume is at least 
approximately c'Lectly proportional to WI-WO, i.e., the 
additional weight W to be weighed. For a two plate 
capacitor, the capacity C is proportional to the inverse 30 
of the plate separation. The time constant of the high 
frequency oscillator isR X C Frequency is propor- 
tional to the inverse of the time constant and therefore 
is proportional to the plate separation, since R is fixed. 
Hence the difference in frequency/,-^ is proportional 35 
to DI - DO, and to the weight to be weighed. Thus the * 
count in the display counter may be related, with suit- 
able calibration, to the weight. For calibration consider 
that we have two variables, the initial value of capaci- 
tance of capacitor C2, and the "weight" of the counts. 40 
Purely by way of illustration, suppose a weight of 100 
pounds deflects the capacitor plates of capacitor C2 so 
that the change in frequency gives a count in the display 
counter of 1,000. A divide-by-ten scale will give the 
correct direct-reading value of 100. Thus the initial 45 
point (initial value of capacitance of capacitor C2) and 
a second point (in pounds or kilograms) give a linear 
scale for direct reading. 

As it is generally contemplated that the two oscilla- 
tors will be in the same ambient conditions, after they 50 
have been near synchronized, no substantial drift is 
likely to occur. As soon as the weight is removed from 
the scale the circuit returns to its prior operation. 

CONCLUSION 55 

It will be apparent from the foregoing that there has 
been disclosed a method and means for measuring 
which are novel and which have appreciable advan- 
tages. Although the circuits have been described as built 
of CMOS discrete circuits, it will be appreciated that 60 
they are especially well suited to establishment on one 
or more integrated circuit chips. The circuits avoid the 
requirement of high capacitors, except possibly for the 
weighing instrument itself and therefore avoid the need 
for using discrete components in general. 65 

What is claimed is: 

1. In combination, a low frequency oscillator, a high 
frequency oscillator gated by said low frequency oscil- 
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lator for a selected portion of a period of said low fre- 
quency oscillator, one of said oscillators being correcti- 
ble in increments, a plurality of electrical elements, a 
counter counting the oscillations of said high frequency 
oscillator during said selected gated portions, means, 
including means for selectively individually connecting 
or disconnecting said elements from said correctable 
oscillator, and responsive to the count in said counter 
during said portion in excess or in deficiency of a se- 
lected count for said selected gated portion to increase 
or decrease and thereby correct the frequency of the 
correctible oscillator by an increment, whereby the 
high frequency oscillator is brought into near synchro- 
nism after a number of such corrections with said low 
frequency oscillator to within a high frequency period 
during said portion of a low frequency period. . 

2. In combination, a low frequency oscillator, a high 
frequency oscillator gated by said low frequency oscil- 
lator for a selected portion of a period of said low fre- 
quency oscillator, one of said oscillators being correcti- 
ble in increments, each of said increments being substan- 
tially equal to a desired time period, a counter counting 
the oscillations of said high frequency oscillator during 
said selected gated portions, means responsive to the 
count in said counter for said portion in excess or in 
deficiency of a selected count for said selected gated 
portion to increase or decrease and thereby correct the 
frequency of the correctible one of said oscillators by an 
increment, whereby the high frequency oscillator is 
brought into near synchronism after a number of such 
corrections with said low frequency oscillator to within 
a high frequency period during said portion of a low 
frequency period, said increment being substantially 
equal to one period of said high frequency oscillator. 

3. A combination as claimed in claim 2, said means 
responsive to the count in said counter including a cir- 
cuit having an output signal in response to a full count 
in said counter. 

4. A combination as claimed in claim 2, said means 
responsive to the count in said counter including a cir- 
cuit having an output signal in response to a full count 
in said counter less a selected deficiency count 

5. A combination as claimed in claim 2, said means 
responsive to the count in said counter including a cir- 
cuit having an output signal in response to a full count 
in said counter and a circuit responsive to a full count in 
said counter less a selected deficiency. 

6. A combination as claimed in claim 2, the desired 
time period of said increments each being substantially 
equal to one period of oscillation of said high frequency 
oscillator. 

7. In combination, a low frequency oscillator, a high 
frequency oscillator gated by said low frequency oscil- 
lator for a selected portion of a period of said low fre- 
quency oscillator, one of said oscillators being correcti- 
ble in increments, a counter counting the oscillations of 
said high frequency oscillator during said selected gated 
portions, means responsive to the count in said counter 
for said portion in excess or in deficiency of a selected 
count for said selected gated portion to increase or 
decrease and thereby correct the frequency of the cor- 
rectible one of said oscillators by an increment, substan- 
tially equal to a period of said high frequency oscillator, 
whereby the high frequency oscillator is brought into 
near synchronism after a number of such corrections 
with said low frequency oscillator to within a high 
frequency period during said portion of a low frequency 
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period, said means responsive to the count in said sitely correct the period of oscillations of said correcti- 

counter being operable only on alternate periods of said ble oscillator by an equal said increment, whereby the 

low frequency oscillator. period of said correctible oscillator is corrected so that 

8. In combination, a low frequency oscillator, a high the portion of the period of said lower frequency oscil- 
frequency oscillator gated by said low frequency oscil- 5 lator is a selected multiple, corresponding to the se- 
lator for a selected portion of a period of said low fre- lected count, of the period of said higher freqeuncy 
quency oscillator, one of said oscillators being correcti- oscillator within one increment, and means effective 
ble in increments, a counter counting the oscillations of when said electrical characteristic is changed and a 
said high frequency oscillator during said selected gated desired measurement is to be made to disconnect the 
portions, means responsive to the count in said counter 10 non-correctible oscillator from the correctible oscillator 
for said portion in excess or in deficiency of a selected and to count the oscillations of one oscillator against the 
count for said selected gated portion to increase or other as a standard thereby to provide a measure of the 
decrease and thereby correct the frequency of the cor- change in said characterisitc and of a related parameter, 
rectible one of said oscillators by an increment, 13. Apparatus as claimed in claim 12, said one incre- 
whereby the high frequency oscillator is brought into IS ment being substantially equal to one high frequency 
near synchronism after a number of such corrections period. 

with said low frequency oscillator to within a high 14. Apparatus as claimed in claim 13, said correctible 

frequency period during said portion of a low frequency oscillator being the low frequency oscillator, 

period, said means responsive to the count in said 15. Apparatus as claimed in claim 13, said oscillator 

counter comprising a group of flip-flops connected in 20 having said component being the high frequency oscil- 

shift-register fashion, said correctible oscillator having lator. 

frequency determining components responsive to the 16. Apparatus as claimed in claim 15, said component 

states of said flip-flops. being a capacitor. 

9. In combination, a low frequency oscillator, a high 17. Apparatus as claimed in claim 16, said apparatus 
frequency oscillator gated by said low frequency oscil- 25 being a scale, said parameter being weight, said compo- 
lator for a selected portion of a period of said low fre- nent comprising a capacitor having capacity as said 
quency oscillator, one of said oscillators being correcti- characteristic and comprising a pair of plates resiliently 
ble in increments, a counter counting the oscillations of separated, the distance of separation and the resultant 
said high frequency oscillator during said selected gated capacity being responsive to the weight applied, 
portions, means responsive to the count in said counter 30 18. Apparatus as claimed in claim 14, said oscillator 
for said portion in excess or in deficiency of a selected having said component being the high frequency oscil- 
count for said selected gated portion to increase or lator. 

decrease and thereby correct the frequency of the cor- 19. Apparatus as claimed in claim 18, said means 

rectible one of said oscillators by an increment, responsive to the count in said counter comprising a 

whereby the high frequency oscillator is brought into 35 circuit responsive to a full count in said counter and a 

near synchronism after a number of such corrections circuit responsive to a full count in said counter less a 

with said low frequency oscillator to within a high selected deficiency. 

frequency period during said portion of a low frequency 20. Apparatus as claimed in claim 19, said low fre- 
period, said correctible oscillator comprising a fre- quency oscillator having a frequency determining cir- 
quency determining circuit, having a frequency deter- 40 cuit comprising a group of resistors connected in series, 
mining element including a group of series connected said means responsive to the count in said counter corn- 
resistors, said means responsive to the count in said prising a group of flip-flops connected in shift-register 
counter comprising a group of transmission gates sepa- fashion and a group of transmission gates connected to 
rately paralleling said resistors, whereby the state of receive separately the outpt of said flip-flops, said gates 
said gates determines the frequency of said correctible 45 being connected separately in parallel with said resis- 
oscillator. tors. 

10. A combination as claimed in claim 9, said means 21. Apparatus as claimed in claim 13, said means 
responsive to the count in said counter comprising a effective when said characteristic is changed compris- 
group of flip-flops connected in shift-register fashion, ing means responsive to a count in said counter less than 
the said transmission gates being connected to respond 50 said selected count by an amount greater than any ex- 
to the states of said flip-flops. pected deficiency when said characteristic is un- 

11. A combination as claimed in claim 10, said cor- changed. 

rectible oscillator being the low frequency oscillator. 22. A method of bringing two free running oscillaors 

12. Apparatus for measuring a desired parameter or into near synchronism comprising the steps of counting 
the like comprising a pair of free running oscillators one 55 the oscillations of one oscillaor during a selected porton 
being correctible, and one having a higher frequency of a period of the other oscillator, determining whether 
than the other and gated to be responsive to the lower the number of oscillations thus counted is in excess or 
frequency oscillator to oscillate for a selected portion of deficieny of a selected count, correcting the freqeuncy 
each period of the lower frequency oscillator oscilla- of one of the oscillators by an increment always equal to 
tions, one of said oscillators having a component having 60 a desired time period in response to the excess or defi- 
an electrical characteristic related to said parameter to ciency of the count thus determined in a direction to 
which the oscillator frequency is responsive, a counter reduce the excess or deficiency, and repeating these 
to count the higher frequency oscillations for said se- steps until the count corresponds to the selected count, 
lected portion of a period, and means responsive to a whereby the two oscillators are brought into near syn- 
count greater than a selected count in said counter to 65 chronism. 

correct the period of oscillations of the correctible one 23. A method as claimed in claim 22, each said here- 
of said oscillators by a selected increment and to a count ment being substantially equal to a period of oscillation 
in said counter less than said selected count to oppo- of said high frequency oscillator. 
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24. A method of bringing two free running oscilla- 
tors, one of higher frequency of oscillations than the 
other, into near synchronism comprising the steps of 
counting the oscillations of one of said oscillators dur- 
ing a selected portion of a period of the other of said 
oscillators, determining whether the number of oscilla- 
tions thus counted is in excess or deficiency compared 
to a selected count, correcting the frequency of the 
lower frequency oscillator by connecting or discon- 
necting discrete electrical elements by an increment in 
response to the excess or deficiency thus determined 
and in a direction to reduce the excess or deficiency, 
and repeating these steps until the count corresponds to 
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the selected count, whereby the two oscillators are 
brought into near synchronism. 

25. A method as claimed in claim 24, wherein the 
increment is substantially equal to a period of the higher 
frequency oscillator. 

26. A method as claimed in claim 24, wherein the 
steps are repeated every nth occurrence of said selected 
portion of a period of said low frequency. 

27. A method as claimed in claim 26, wherein n is 
two, whereby the steps are repeated every other period 
of said low frequency oscillations. 
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